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0.045; wR factor = 0.135; data-to- 



The title compound, 2-B 10 H 9 NH=C(CH 3 )N(CH 3 )CH 2 CH 2 - 
CH 2 N(CH 3 ) 2 H-2C 2 H 6 OS or C 8 H 29 B 10 N 3 -2C 2 H 6 OS, is zwitter- 
ionic with the negative charge localized on the decaborate 
cage and the positive charge on the terminal ammonium 
group. Two molecules of dimethyl sulfoxide (DMSO) and one 
molecule of the title compound constitute the asymmetric 
unit. One DMSO molecule is disordered [ratio 0.739 (3): 
0.261 (3)]. The bonds and angles within the decaborate cage 
are within the normal ranges. The amidine fragment of the 
ligand, which is expected to be planar, is significantly distorted 
from planarity as exemplified by four torsion angles [B— N— 
C-C = 8.4 (3), H-N-C-N = 5(2), N-C-N-C = 7.3 (3) 
and C-C-N-C = 14.8 (3)°] found within this portion of the 
molecule. The crystal packing consists of head-to-tail- 
arranged dimers of the title molecule held together by four 
molecules of DMSO which are attached via strong N— H- ■ O 
and weak C— H- ■ O hydrogen bonds. 

Related literature 

For related structures of 2-substituted decaborate compounds, 
see: Dou et al. (1994); Siriwardane et al. (1989). For related 
structures of amidine-substituted polyhedral boranes, see: 
Froehner et al. (2006). For related structures involving DMSO 
as solvate, see: Geremia et al. (2000); Hulme & Tocher (2004). 
For structural parameters involving amidinium cations, see: 
Hafelinger & Kuske (1991). For related synthetic work, see: 
Froehner et al, (2006). 



2 (CH 3 ) 2 SO 




Experimental 

Crystal data 

C 8 H 29 B 10 N 3 -2C 2 H 6 OS 
M, = 431.7 
Monoclinic, PQ^/n 
a = 9.503 (2) A 
b = 15.123 (5) A 
c = 18.032 (5) A 
P = 103.94 (2)° 

Data collection 

Enraf-Nonius TurboCAD-4 
diffractometer 

Absorption correction: xfr scan 
(North etal, 1968) 
T min = 0.989, r maI = 1.000 

5016 measured reflections 

Refinement 

R[F 2 > 2a(F 2 )} = 0.045 

wR(F 2 ) = 0.135 

S = 1.03 

4412 reflections 

316 parameters 

3 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 2515.1 (12) A 3 
Z = 4 

Mo Ka radiation 
IX = 0.23 mm -1 
T = 564 K 

0.54 x 0.42 x 0.25 mm 



4412 independent reflections 
3208 reflections with 1 > 2a(I) 
R iM = 0.016 

3 standard reflections every 166 min 
intensity decay: 1% 



H atoms treated by a mixture ol 
independent and constrained 
refinement 

A/w = 0.32 e A~ 3 

Ap min = -0.32 e A~ 3 



D- 


H-v4 




D-H 


H- ■ A 


D- ■ A 


D-H- - A 


N9 


-H9L4- 


■ -cmr 


0.84 (3) 


1.82 (3) 


2.651 (6) 


169 (3) 


N9 


-H9L4- 


■ -0212' 


0.84 (3) 


1.98 (3) 


2.817 (15) 


172 (3) 


Nl 


-HUD 


■ Olll" 


0.79 (3) 


2.67 (3) 


3.446 (3) 


168 (3) 


C5 


-H5C- ■ 


■Olll" 


0.96 


2.46 


3.114 (3) 


125 


C6 


-H6B- ■ 


■Olll 


0.97 


2.5 


3.256 (3) 


135 



Symmetry codes: (i) — x + |,j + — z + %, (ii) — x + 1, — y, — z + 1. 

Data collection: CAD-4 EXPRESS (Enraf-Nonius, 1994); cell 
refinement: CAD-4 EXPRESS; data reduction: XCAD4 (Harms & 
Wocadlo, 1995); program(s) used to solve structure: SIR2004 (Burla 
et al., 2005); program(s) used to refine structure: SHELXL97 (Shel- 
drick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 
1997) and Mercury (Macrae et al, 2006); software used to prepare 
material for publication: WinGX (Farrugia, 1999). 



01682 Getman eta/. 



doi :1 0.1 107/S1 60053681 1020186 



Acta Cryst. (2011). E67, o1682-o1683 



organic compounds 



Acknowledgement is made to the Faculty Research Grant 
Program at Northern Michigan University for support of this 
work. We thank the Michigan State University Mass Spec- 
trometry Facility for collection of the mass spectra. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: WM2492). 



References 

Burla, M. G, Caliandro, R., Camalli, M., Carrozzini, B., Cascarano, G. L., De 
Caro, L., Giacovazzo, C, Polidori, G. & Spagna, R. (2005). J. Appl. Cryst. 38, 
381-388. 

Dou, D., Mavunkal, I. J., Krause Bauer, J. A., Knobler, C. B., Hawthorne, M. F. 
& Shore, S. G. (1994). Inorg. Chem. 33, 6432-6434. 

Enraf-Nonius (1994). CAD-4 EXPRESS. Enraf-Nonius, Delft, The Nether- 
lands. 



Farrugia, L. J. (1997). /. Appl. Cryst. 30, 565. 
Farrugia, L. J. (1999). /. Appl. Cryst. 32, 837-838. 

Froehner, G, Challis, K., Gagnon, K., Getman, T. D. & Luck, R. L. (2006). 

Synth. React. Inorg. Met. Org. Nano-Mat. Chem. 36, 777-785. 
Geremia, S., Calligaris, M., Kukushkin, Y. N., Zinchenko, A. V. & Kukushkin, 

V. Yu. (2000). J. Mol. Struct. 516, 49-56. 
Hafelinger, G. & Kuske, F. K. H. (1991). The Chemistry of Amidines and 

lmidates Vol. 2, edited by S. Patai, Z. Rappoport, pp. 19-26. New York: John 

Wiley and Sons. 

Harms, K. & Wocadlo, S. (1995). XCAD4. University of Marburg, Germany. 
Hulme, A. T. & Tocher, D. A. (2004). Acta Cryst. E60, ol786-ol787. 
Macrae, G E, Edgington, P. R., McCabe, P., Pidcock, E., Shields, G. P., Taylor, 

R., Towler, M. & van de Streek, J. (2006). J. Appl. Cryst. 39, 453-457. 
North, A. C. T, Phillips, D. G & Mathews, F. S. (1968). Acta Cryst. A24, 351- 

359. 

Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122. 

Siriwardane, U, Chu, S. S. G, Hosmane, N. S., Zhang, G, Zhu, W. & Zhu, H. 
(1989). Acta Cryst. C45, 294-297. 



Acta Cryst. (2011). E67, o1682-o1683 



Getman eta/. • C 8 H 29 B 10 N :j -2C 2 H ( ,OS Ol 683 



supplementary materials 



supplementary materials 



Acta Cryst. (2011). E67, ol682-ol683 [ doi:10.1107/S1600536811020186 ] 

2-[(l-{[3-(dimethylazaniumyl)propyl]methylamino}ethylidene)azaniumyl]nonahydro-c/oso-decab- 
orate dimethyl sulfoxide disolvate 

T. D. Getman, R. L. Luck and C. Cienkus 
Comment 

The title compound, 2-B 10 H9NH=C(CH3)N(CH3)CH2CH2CH 2 N(CH3)2H, (I), is zwitterionic with the negative charge loc- 
alized on the decaborate cage and the positive charge on the terminal ammonium group. Two molecules of DMSO and 
one molecule of I constitute the asymmetric unit. One DMSO molecule is disordered over two closely situated sites with a 
0.739 (3):0.261 (3) occupancy ratio. The disordered DMSO molecules display inverted conformations relative to each other, 
and such an arrangement was noted previously in a structure containing DMSO with a 0.95:0.05 disordered ratio (Hulme & 
Tocher, 2004). Fig. 1 shows the asymmetric unit, with only the major orientation of the disordered DMSO molecule drawn. 
Molecule I crystallizes in the form of head to tail arranged dimers held together by four molecules of DMSO which are 
attached via strong and weak hydrogen bonds as illustrated in Fig. 2. Both disordered DMSO molecules are involved with 
strong H-bonds involving the O atoms and a hydrogen atom bonded to atom N9 of I. As expected (Geremia et ah, 2000), this 
results in longer S— O bonds for S2— 0211 = 1.509 (5) A and S21— 0212 = 1.53 (1) A compared to the SI— Olll distance 
of 1.478 (2) A where weaker interactions exist. The ordered DMSO molecule binds to two molecules of I via weak long 
range H-bonded interactions and close contacts, see Fig. 2. The H9-S1 interaction at 2.9A is less than the sum of the van der 
Waals radii at 3. 05 A and, given the hydridic nature of H9, is best thought of as a close contact between a hydridic hydrogen 
and the partially positively charged sulfur of a DMSO molecule. The "dimers" are further weakly linked to adjacent dimers 
via long range H-bonded interactions resulting in a three-dimensional linked unit. 

The molecular structure of I defines a slightly distorted bicapped square antiprism with an amidine ligand coordin- 
ated to an equatorial boron atom (B2). The exo B — N distance, 1.541 (3) A, in I is slightly longer than that found in [2- 

BioH 9 NCCH 3 ]"(II), 1.515(5) A, (Douefa/., 1994) and [2-Bi 0 H 9 NCCH=CH 2 ]" (III), 1.523 (4) A (Siriwardane etal, 1989). 
The average apical-equatorial distance in I is Bl — B eq = 1.693 (5) A, which compares favorably to the analogous distances 
of 1.682 (4) A and 1.693 (5) A in II and III, respectively, and B10 — B eq = 1.692 (11) A, which compares favorably to the 
analogous distances of 1 .689 (2)A and 1 .686 (5) A in II and III, respectively. The average B — B distance between equatorial 
planes is 1.815 (9) A. The average B eq — B eq distance defined by B2, B3, B4 and B5 is 1.835 (13) A, and that defined by 
B6, B7, B8 and B9 is 1.826 (5) A. Each of these distances is similar to those found in II and III. 

The amidine ligand found in I is analogous to a protonated amidinium cation, wherein the boron hydride cage substitutes 
for a proton on the imino nitrogen. Amidines contain two different nitrogen atoms: a formally single-bonded amide like 

amino nitrogen (N am ) and a formally double-bonded imino nitrogen (N; m ). The sp characters of the atoms Nl, C2, and 
N4 are supported by the sum of the bond angles about each of these atoms of 360°, 360.0° and 359.6°, respectively. The 
CNjm and CN am bond lengths C2— Nl, 1.318 (3) A, and C2— N4, 1.335 (3) A, respectively, as well as the difference 
between these bonds 0.016 A, found in I are consistent with CNj m , CN am bonds, and the difference(CN am — CN; m ) found 
within other reported amidine substituted polyhedral borane molecules (Froehner et al., 2006) as well as amidinium cations 
(Hafelinger & Kuske, 1991). The steric congestion within the amidine portion of I is illustrated by the nonplanarity of this 
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portion of the molecule as exemplified by the following torsion angles: B2— Nl— C2— C3 8.4 (3)°, HI ID— Nl— C2— N4 
5(2)°, Nl— C2— N4— C5 7.3 (3)°, and C3— C2— N4— C6 14.8 (3)°. 

Experimental 

The title compound was prepared by the reaction of [2-B10H9NCCH3]" with AyV,AMrimethyl-l,3-propanediamine (see 
special details section). The title compound spontaneously crystallized from DMSO solution after sitting undisturbed for a 
period of one week. High resolution TOF MS ES+ for 12 C 8 1 H 3 o 14 N3 11 B 1 o + : calcd, 278.3370, found, 278.3379. 



Refinement 

H atoms were placed at calculated positions, with C — H = 0.97 A (ethyl) or 0.97 A (methyl) and refined using a riding model 
with C/j S0 (H) constrained to be 1.2 £/ e q(Q for ethyl groups and 1 .5 £/ e q(Q for the methyl groups. The H atoms bonded to the 
N atoms were constrained and refined to 0.79 (3) and 0.84 (3) A for Nl — HI ID and N9 — H91A respectively. One DMSO 
molecule is disordered over two sites with a 0.739 (3):0.261 (3) ratio. 



Figures 




Fig. 1. POV-RAY rendered drawing of an ORTEP-3 (Farrugia, 1997) illustration of the mo- 
lecules constituting the asymmetric unit. The thermal ellipsoids are drawn at 50% probability 
and the H atoms are drawn as spheres of arbritary radii. Only the major orientation of the dis- 
ordered DMSO molecule is shown. 



Fig. 2. POV-RAY rendered drawing of a Mercury (Macrae et ah, 2006) illustration of the H- 
bonded arrangement. The thermal ellipsoids are drawn at 50% probability and the H atoms 
are drawn as spheres of arbitrary radii. Hydrogen bonds and close contacts are shown as 
dashed lines and the minor orientation of the DMSO molecule is not shown. Labelled atoms 
are at x,y,z except for atoms S2 and 0211 which were generated by symmetry code 1.5 - x,l/2 
+ y,V2-z. 



2-[(1-{[3-(dimethylazaniumyl)propyl]methylamino}ethylidene)azaniumyl]nonahydro- c/oso-decaborate dimethyl 
sulfoxide disolvate 



Crystal data 
C 8 H29B 10 N3-2C2H 6 OS 
M,- = 431.7 
Monoclinic, P2\ln 
Hall symbol: -P 2yn 
a = 9.503 (2) A 
6=15.123 (5) A 
c= 18.032 (5) A 
(3= 103.94(2)° 



F(000) = 928 

D x = 1.14 Mgm" 3 

Mo Ka radiation, X = 0.71069 A 

Cell parameters from 25 reflections 

e= 10-15 0 

|i = 0.23 mm 1 
T=564K 
Prism, colourless 
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V= 2515.1 (12) A 3 0.54 x 0.42 x 0.25 mm 

Z=4 



Data collection 

Enraf-Nonius TurboCAD-4 
diffractometer 

Radiation source: Enraf-Nonius FR590 
graphite 

non-profiled co/20 scans 
Absorption correction: \y scan 
(North etal, 1968) 

T min = 0.989, T max = 1.000 
50 1 6 measured reflections 
4412 independent reflections 



3208 reflections with I > 20(7) 
R int = 0.016 

9max = 25.0°, 9 m ; n = 1.8° 

fc = 0->ll 
£ = -1—17 
/= -21^20 

3 standard reflections every 166 min 
intensity decay: 1% 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.045 

wR(F 2 ) = 0.135 

S= 1.03 

4412 reflections 
3 1 6 parameters 
3 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = V[o 2 (F 2 ) + (0.069P) 2 + 1.0018P] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Ap m ax = 0.32 e A~ 3 
Ap m i„ = -0.32 e A~ 3 



Special details 

Experimental. Synthesis: 7V,7V^V-trimethyl-l,3-propanediamnine, 0.337 g, 2.90 mmol, was added to a solution of NEt3H[2- 
BjoHgNCCFy, 0.760 g, 2.92 mmol, in 15 ml of acetonitrile. The light yellow solution was stirred for 30 minutes, then taken to dry- 
ness on a rotary evaporator. The resulting solid was dissolved in 10 ml of 1 .0 M sodium hydroxide. The basic solution was extrac- 
ted with pentane, to remove the generated triethylamine. The resulting aqueous solution was acidified with 1 .0 M HC1 until a pre- 
cipitate formed. The white precipitate was vacuum filtered and dried overnight at 50°C under dynamic vacuum. Yield of the title 
compound was 0.632 g, 79%. Characterization: Hi-Res TOF MS ES + : calcd, 278.3370, found, 278.3379, NMR spectroscopic as- 
signments are made using the numbering in figure 1. U B NMR in p.p.m.: -0.482 (B10), -3.81 (Bl), -13.66 (B2), -24.86 (B4,7,8), - 
28.22 (B3,5,6,9). 'h NMR in p.p.m.: 9.24 (s,H91A), 5.85 (s, H11D), 3.35 (t, H8A,B), 3.00 (t, H6A,B), 2.96 (s, H3A,B,Q, 2.75 (s, 

H10A,B,C,HllA,B,O, 2.38 (s, H5A,B,Q, 1.83 (q, H7A,B). Protons attached to boron not resolved. 13 C NMR in p.p.m.: 164.35 (C2), 
53.85, 47.52, 42.23, 35.83, 21.89, 15.44 (remaining aliphatic carbons). MP: 193-195°C decomposition. 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 
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Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on , conventional 
R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2o(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 
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B4 0.0498 (16) 0.0574 (18) 0.0398 (15) -0.0130 (14) -0.0023 (12) -0.0038 (13) 
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Bo — By — Hy 


130.5 


B9— B2— B5 


60.45 (15) 


B7— BIO— B9 


99.36 (19) 


Nl— B2— B6 


120.34 (18) 


B7— BIO— B8 


65.64 (17) 


Bl— B2— B6 


111.95 (19) 


B9— BIO— B8 


65.26 (16) 


B9— B2— B6 


60.37 (14) 


B7— BIO— B6 


65.10 (16) 


B5— B2— B6 


102.65 (16) 


B9— BIO— B6 


65.24 (15) 
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XT1 D O 0 1 

JN 1 — BZ — B3 


it/; /:o / 1 n\ 

130.0O (iy) 


DO D 1 n D£ 

B o — B 1 U — B 0 


nn cn c\ n\ 

yy.jy (iy) 


D 1 D O D1 

B 1 — BZ — B3 


C*7 1 A ( 1 0\ 

j /.34 (1 /) 


d h d 1 n tlj 1 n 
B / — B 1 U — hi 1 U 


1 in i 
13U.3 


on i) ■> r>i 
r>V — BZ — B3 


1 HI Q A f \ £\ 

!Ul.o4 (lo) 


Dn d 1 n u 1 n 
By — B 1 U — hi 1 U 


1 in a 
13U.4 


dj — BZ — B3 


on z;n /■ 1 "7\ 

yu.oy (i I) 


DO Din 1 I 1 (| 

do — B 1 U — rl 1 U 


1 in 1 
13U.1 


Bo — BZ — B3 


cn ii ( 1 /i\ 

jy.i3 (14) 


i~) s Din uin 
Bo — B 1 U — hi 1 U 


1 in i 
13U.3 


Bl — B3 — B / 


111 o /o\ 
lll.o (Z) 


Z" 1 0 MI DO 

CZ — JN 1 — BZ 


iin io /in\ 
13U.3o (iy) 


Bl — B3 — Bo 


1 1 O A ZO\ 

1 1Z.4 (Z) 


( mi ill i n 
CZ — JN 1 — hll 1L) 


11/1 /o\ 

114(2) 


DO ID 1 D£ 

B / — B3 — Bo 


£f\ 10 /1 c\ 

oU. 3Z (1 j) 


DO XT 1 I I 1 1 n 

BZ — JN 1 — hll 1L) 


11/; 

lib (2) 


D 1 D1 I) ,1 

Bl — B3 — B4 


C*7 11 /1 0\ 
J /.13 (1 /) 


XT1 / 1 0 XT /I 

JN 1 — CZ — JN4 


ioi o /"^>\ 

121.8 (2) 


DO D A 

B / — B3 — B4 


cn c*7 ( i c\ 

jy.j / (1 J) 


XT1 f '~) f ' "1 

JN 1 — CZ — C3 


1 1 n A/i ^1 n\ 

ny.04 (iy) 


O /C T)1 T) .1 

Bo — B3 — B4 


1 no oo ( 1 o\ 
1UZ.Z / (lo) 


XT A f ( 

JN4 — Cz — C3 


1 1 n in n n\ 

ny.iy (iy) 


D 1 D1 ID O 

Bl — B3 — BZ 


C£ OO / 1 c\ 

jo.oZ (1 j) 


/ • -> f ' ~) TJ1 A 

Cz — C3 — hi 3 A 


1 An £ 

ioy.5 


B / — B3 — BZ 


1 n 1 { i o\ 
1U 1 . JO (1 /) 


/ • ~> /-iq TT1D 

Cz — C3 — hl3B 


1 AA ^ 

ioy.5 


D /" T") "J T") "> 

Bo — B3 — BZ 


CC\ \ £. ( 1 /1\ 

oU.lo (14) 


i n a ( ~ "i TjiD 
hl3A — C3 — hl3B 


1 AA ^ 

ioy.5 


D /I D O 

B4 — B3 — BZ 


on ^n /1 o\ 
oy.oy (lo) 


Cz — C3 — H3C 


1 AA £ 

ioy.5 


ni di in 
Bl — B3 — hl3 


1 1 o c 
1 lo. J 


TU1 A f ' "1 I I "J / • 

hl3A — C3 — hl3C 


1 AA £ 

ioy.5 


D "7 DO T_J -} 

B / — B3 — rl3 


1 on o 
1ZU. / 


111!) ('"1 TJ1 Z" 1 

hl3B — C3 — hl3C 


1 AA £ 

ioy.5 


D /; T") "j i n 

Bo — B3 — hi 3 


1 1 n n 

ny.y 


/^O XT/1 / ' C 

Cz — JN4 — Cj 


111 11 /i o\ 
121.11 (18) 


O A Dl O 1 

B4 — B3 — rl3 


1 "5 1 1 

131.1 


/^o XT /i / 
Cz — JN4 — Co 


122.30 (18) 


DO DO T_T1 

BZ — B3 — hl3 


111 i 
13 1.3 


t ' z xt/1 r^c 
Cj — JN4 — Co 


1 1 £ at /1 n\ 
Il3.y2 (1 /) 


D 1 D A DO 

Bl — B4 — B / 


1 1 O /I /o\ 

1 1Z.4 (Z) 


XT A / ' C TTC A 

JN4 — Cj — hljA 


1 AA £ 

loy.s 


D1 D A DO 

Bl — B4 — do 


1 1 1 C 

111. J (Z) 


XT A C ' < UCD 

JN4 — Cj — rlJB 


1 AO ^ 


DO D A DO 

B / — B4 — do 


^n /1 £\ 
oU.OO (lo) 


TTC A ( ' < TJCD 

hljA — Cj — hljB 


1 AA £ 

loy.s 


D 1 D A DO 

Bl — B4 — B3 


C*7 CO /" 1 0\ 
J /.Jo (1 /) 


XT A / • C i ir/' 

JN4 — Cj — hlJC 


1 AA £ 

ioy.5 


D "7 D A DO 

B / — B4 — B3 


cn *7C / 1 £\ 
jy. / J (lo) 


TTC A ( ' < ucr 1 

hljA — CJ — hlJC 


1 AA £ 

ioy.5 


DO D A DO 

Bo — B4 — B3 


1 no m /■ 1 n\ 
1UZ.U3 (iy) 


tjcd / • c ucr 1 
hljB — Cj — hlJC 


1 aa ^ 

ioy.5 


D 1 D /I DC 

Bl — B4 — DJ 


m / 1 o\ 

jo.y3 (i /) 


XT A / ' /; ri'i 

JN4 — Co — C / 


11/1 AC (1 Q\ 

114.05 (18) 


D -7 D /I DC 

B / — B4 — B j 


1 n 1 o 1 ( 1 n\ 
lUl.ol (iy) 


XT/1 /" • /; 1 1/ * 

JN4 — Co — hloA 


1 AO "7 

108. / 


DO D /I DC 

Bo — B4 — dj 


cn 1 o / 1 c\ 

jy.iz (1 J) 


C / — Co — hloA 


1 AO "7 
108. / 


DO D A DC 

B3 — B4 — dj 


nn 11/1 o\ 

yu.i3 (1 /) 


XT/1 / TT/CD 

JN4 — Co — hloB 


1 AO "7 
108. / 


D 1 D A I 1,1 

Bl — B4 — rl4 


1 1 O A 

1 lo.4 


C / — Co — hloB 


1 AO "7 
108. / 


O "7 O A I 1 . 1 

B / — B4 — rl4 


1 on o 
1ZU.Z 


hloA — Co — hloB 


1 A"7 /; 
10/. 0 


DO D A I I /I 

Bo — B4 — rl4 


1 on £ 
1ZU.0 


Co — C / — Co 


1 A"7 1 A 1 1 0\ 
10/. 10 (18) 


D1 D A TJA 

B 3 — B 4 — rl4 


1 in o 
13U.O 


Co — C / — rl / A 


11(11 


DC T) .1 I 1 ,1 

Bj — B4 — rl4 


111 A 

13 1 .4 


Co — C / — hi / A 


1 1 A 1 

1 10.3 


D 1 DC DO 
Bl DJ DO 


1 1 1 T f">\ 

111./ (Z) 


O /-i-7 TTOD 

Co — C / — rl /B 


1 1 A 1 
1 1U.3 


D 1 DC O O 

Bl — dj — BZ 


CO" 0£ /1 c\ 

j I .lb (1 j) 


Co — C / — hi /B 


1 1 A 1 

110.3 


DO DC DO 

Bo — Bj — BZ 


1 n 1 o£ s 1 o\ 
1U1. /O (lo) 


I T "7 a P7 TTOD 

hi /A — C / — rl /B 


1 ao /: 
108.0 


D 1 DC DO 

Bl — Bj — By 


111 C7 /i n\ 

1 1 1 .J / (iy) 


XTn o 

JNy — Co — c / 


1 1 C AT /1 A\ 

115.02 (iy) 


DO DC DO 

Bo — Bj — By 


^n oo n c\ 
oU.Zo (1 j) 


XTn f^Q UCA 

JNy — Co — hloA 


1 AO C 


DO DC on 

BZ — Bj — By 


cn on /i a\ 
jy.zy (14) 


/-in TJO A 

C / — Co — hloA 


1 AO C 

108.3 


D 1 DC D A 

Bl — DJ — B4 


c/^ o~n { 1 <i\ 
JO. /U (lo) 


XTn o iion 
JNy — Co — hloB 


1 AO C 

108.3 


DO DC D A 

Bo — Bj — B4 


cn cc { 1 c\ 
jy.JJ (1j) 


C / — Co — hloB 


1 AO C 

108.3 


DO DC D A 

BZ — Bj — B4 


on /in / 1 ox 

69.49 (17) 


TTO A /~i O TTOD 

HoA — Co — HoB 


107.5 


B9— B5— B4 


101.10(18) 


CIO— N9— Cll 


111.2(2) 


Bl— B5— H5 


118.7 


CIO— N9— C8 


113.50 (19) 


B8— B5— H5 


120.4 


Cll— N9— C8 


112.9 (2) 


B2— B5— H5 


131.2 


CIO— N9— H91A 


109 (2) 


B9— B5— H5 


120.8 


Cll— N9— H91A 


107 (2) 
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D/1 DC UC 

B4 — B5 — H5 


111 /; 
131.0 


PO XTfl UA 1 A 

Ca — JNy — Hy 1A 


1U3 [2) 


D1A D/; D1 

B1U — Bo — m 


111 n /1 a\ 

11Z.3Z (iy) 


\Tft pi/1 HI A A 

JNy — C1U — H1UA 




B1U — Bo — is / 


C"7 A"7 / 1 C\ 

5/.U/ (15) 


ma nn u 1 ad 
JNy — C1U — H1UB 


1 nn ^ 


dt r>/: dt 
B3 — Bo — B / 


C A Ol { 1 C\ 

Sy.ai (15) 


u 1 a a nn in ad 
H 1 UA — C 1 U — H 1 UB 


1 nn ^ 


ni/i d/; on 
B1U — Bo — BV 


C"7 TA / 1 /1\ 
5 / .ZU (14) 


xta nn umr 
JNy — C1U — H1UC 


1 nn ^ 


dt d/; da 
B3 — Bo — By 


1 AT a/; / 1 0\ 

1UZ.U6 (la) 


U1AA nn ui n/^ 
H 1 UA — C 1 U — H 1 UC 


1 nn ^ 


dt d/: da 
B / — Bo — By 


OA TT / 1 T\ 

ay. / / (1 /) 


1 1 1 nD nn ui nr 
H 1 UB — C 1 U — H 1 UC 


1 nn ^ 


ni/i d/; dt 
B1U — Bo — BZ 


111 C O / 1 0\ 

111.5a (la) 


\rft pi 1 u 1 1 A 

JNy — Cl 1 — HI 1 A 


1 nn ^ 
[{Jy.D 


dt d/: dt 
B3 — Bo — BZ 


/:a "71 / 1 c\ 
6U. /I (15) 


xrn n i u 1 1 d 

JNy — en — hub 


1 nn ^ 


m D/r DT 

B / — Bo — dz 


1 A 1 £A /"I C\ 

1U1.0U (la) 


U| 1 A pi 1 U11D 

HI 1 A — CI 1 — HI IB 


1 nn ^ 


da d/; do 
By — Bo — BZ 


CA 1 A 1 1 1\ 

sy.iu (13) 


xrn n i ui i n 
JNy — Cll — H11C 


1 nn ^ 


nin D /T Tj/T 

B1U — Bo — Ho 


1 1 o c 

11a. 5 


ui i a n i unr 
HI 1 A — CI 1 — HI 1C 


1 nn ^ 


dt d/: u/: 
B3 — Bo — Ho 


i in 
1ZU 


ui id n i unr 
HI IB — CI 1 — HI 1C 


1 nn ^ 


T> /T TJ/T 

B / — Bo — Ho 


1 1 1 T 
13 1 .Z 


/~X111 ci nil 
UI 1 1 — M — CI 1 1 


1 nc "71 /■ 1 Q\ 
1UD. /3 (lo) 


da d/: u/: 
By — Bo — Ho 


111 i 
131.3 


/~X111 ci rm 
UI 1 1 — bl — C1Z1 


/ (ID) 


dt d/: u/: 
BZ — Bo — Ho 


1 1 A "7 

izu. / 


pi 1 1 pi pm 
Clll — ol — Clzl 


no *7\ 
yo.14 (1 /) 


ni/i DT D A 

B1U — B / — B4 


1 1 T 1 /T\ 

113.1 (Z) 


CI /~"111 U1 1 T 

M — CI 1 1 — HI 1Z 


1 nn ^ 


D1A DT D1 

B1U — B / — m 


111 AT /I A\ 

113. U3 (iy) 


ci nn ui 1 1 
5>1 — CI 1 1 — HI 13 


1 nn ^ 
[{Jy.D 


D/1 DT 151 

B4 — B / — B3 


/:a /;o i i /;\ 
oU.oa (16) 


ui 1 t nn mil 
HI 1Z — CI 1 1 — HI 13 


1 nn ^ 


nin DT D/; 

B1U — B / — Bo 


C"7 Ol / 1 C\ 

5 /.a3 (15) 


ci nil ui 1 A 
5>1 — CI 1 1 — HI 14 


1 nn ^ 


D/1 DT ID/: 

B4 — B / — Bo 


1 AT "71 / 1 0\ 

1UZ. /3 (la) 


U1 1 T nil U1 1 A 

HI 1Z — CI 1 1 — HI 14 


1 nn ^ 


DT IDT ID/; 

B3 — B / — Bo 


CA OC / 1 /1\ 

5y.a5 (14) 


IJ11T nn U1 1 A 

HI 13 — CI 1 1 — HI 14 


1 nn ^ 


ID 1 A ID"7 ID O 

B1U — B / — B5 


C"7 A O /1 £\ 

5 / .4a (lo) 


C1 rni u 1 T T 

bl — C1Z1 — mzz 


1 nn ^ 


D/1 DT DO 

B4 — B / — Be 


/;a A 1 t*\ £L\ 

6U.U1 (lo) 


C1 fill U1TT 

Si — Clzl — H1Z3 


1 nn ^ 


D1 DT DO 

B3 — B / — Be 


1 AT TT f 1 A\ 

iuz.zz (iy) 


U1TT rni ijitt 
Hill — Clzl H1Z3 


1 nn ^ 


D/; D"7 DO 

Bo — B / — Ba 


A A /I /I / 1 /C\ 

y(J.44 (lo) 


ci rni hit/1 
al — Clzl — H1Z4 


1 nn ^ 


D 1 a DT ui 

B 1 U — B / — H / 


I 1 "7 "7 

II /. / 


ijitt rni hit/1 
HIZZ — C1Z1 — H1Z4 


1 nn ^ 


D/1 dt m 

B4 — B / — H / 


1 1 A O 

ny.a 


ijitt rni hit/1 
H1Z3 — C1Z1 — H1Z4 


1 nn ^ 


DQ DT ITT 

m — B / — H / 


1 TA 1 

1ZU.1 


/"XT 11 CT nn 

UZ 1 1 — i>Z — CZ 1 1 


1 nc 1 //i \ 
1UD.1 (4) 


DZT DT m 

Bo — B / — H / 


1 1 A "7 

13U. / 


/"XT 11 CT /~it T 1 

UZ 1 1 — i>Z — CZZ 1 


i nc a f a \ 
1UD.4 (4) 


DO dt m 

Ba — B / — H / 


111 

131 


PH 1 CT PTT1 

C2 1 1 — i>Z — CZZ 1 


n*7 t 

97.2 (3) 


D 1 A DO DC 

B1U — Ba — B5 


111 AT /1 0\ 

113. U3 (la) 


mn cti ptt/1 
UZ 1 Z — bZ 1 — CZZ4 


1 A/1 C /I T\ 

1U4.5 (12) 


D 1 A DO D/1 

B1U — Ba — B4 


1 1 1 A /T\ 

in.y (z) 


Am cti nii 
UZ1Z — bZl — CZZ3 


1 a/; a /n\ 
lU6.y (y) 


DC DO D/1 

B5 — Ba — B4 


/; 1 n / 1 £\ 
01.33 (lo) 


pni cti nii 
CZZ4 — bZ 1 — CZZ3 


AT A f7\ 

y /.4 (/) 


D 1 A DO DA 

B1U — Ba — By 


c~7 t/: /1/1\ 
5 / .Zo (14) 


cti rm uttc 
bZl — CZZ3 — HZZ5 


1 AA C 

iuy.5 


DC DO DA 

B5 — Ba — By 


/;a tt / 1 /i\ 
OU. ZZ (14) 


cti rm utt/: 
bZl — CZZ3 — HZZ6 


1 AA C 

iuy.5 


D/1 DO DA 

B4 — Ba — By 


1 AT 1 A / 1 T\ 
1UZ.3U (1 /) 


ijttc rm utt/: 
HZZ5 — C223 — HZZ6 


1 AA C 

iuy.5 


D 1 A DO D"7 

B1U — Bo — B / 


c/; o~7 / 1 /:\ 
56.87 (lo) 


cti rm UTTT 

bZl — CZZ3 — HZZ / 


1 AA C 

iuy.5 


DC DO D"7 

B5 — Bo — B / 


1 AT /IT / 1 0\ 

1UZ.4Z (la) 


UTTC rm UTTT 

HZZ5 — CZZ3 — HZZ / 


1 AA C 

iuy.5 


D/1 DO DT 

B4 — DO — B / 


C A T T /I £\ 

5y. 3Z (lo) 


utt/; rm uttt 
HZZ6 — CZZ3 — HZZ / 


1 AA C 

iuy.5 


By— B8— B7 


89.42 (16) 


S21— C224— H228 


109.5 


BIO— B8— H8 


118.3 


S21— C224— H229 


109.5 


B5— B8— H8 


119.4 


H228— C224— H229 


109.5 


B4— B8— H8 


120.2 


S21— C224— H230 


109.5 


By— B8— H8 


131.1 


H228— C224— H230 


109.5 


B7— B8— H8 


131.6 


H229— C224— H230 


109.5 
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Hydrogen-bond geometry (A, °) 



D—H-A D — H 

N9— H91A-0211' 0.84(3) 

N9— H91A-0212' 0.84(3) 

Nl— HllD-Olll" 0.79(3) 

C5— H5C-0111" 0.96 

C6— H6B-OH1 0.97 



Symmetry codes: (i) -x+3/2, >>+l/2, -z+1/2; (ii) -x+\, -y, -z+1. 



R-A D-A D—H-A 

1.82 (3) 2.651 (6) 169 (3) 

1.98 (3) 2.817 (15) 172 (3) 

2.67 (3) 3.446 (3) 168 (3) 

2.46 3.114 (3) 125 

2.5 3.256 (3) 135 
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